
O R I G I N A L  R E S E A R C H

Time Under 90% Oxygen Saturation and Systemic 
Hypertension in Patients with Obstructive Sleep 
Apnea Syndrome
Le Wang, Dong-hui Wei, Jing Zhang, Jie Cao

Department of Respiratory and Critical Care, Tianjin Medical University General Hospital, Tianjin, People’s Republic of China

Correspondence: Jing Zhang; Jie Cao, Department of Respiratory and Critical Care, Tianjin Medical University General Hospital, Tianjin, 300052, 
People’s Republic of China, Tel +86 22-60361612; +86 22-60362567, Fax +86 22-60261612, Email tjzyyzhangjing@163.com; tjcaojie@163.com 

Purpose: The diagnosis and severity of obstructive sleep apnea (OSA) are commonly based on the apnea hypopnea index (AHI). 
However, patients with similar severity AHIs may show widely varying comorbidities and risks for cardiovascular disease, which may 
be associated with different severities of nocturnal hypoxia. The percentage of cumulative time with oxygen saturation below 90% in 
total sleep time (T90) is receiving increasing attention in OSA research because it describes the duration and degree of hypoxia during 
the whole sleep. This study aimed to explore the distribution of T90 in OSA patients with similar severity and to evaluate the 
relationship between T90 and hypertension.
Patients and Methods: A total of 775 patients with OSA were enrolled in this study, all participants were divided into groups 
according to the T90 value: light hypoxia (T90≤5%), mild hypoxia (T90 accounted for 5–10%), moderate hypoxia (T90 accounted for 
10–25%), and severe hypoxia (T90>25%). Multivariate logistic regression analysis was performed to assess the association between 
T90 and hypertension.
Results: Of the patients with mild OSA, 94.33% had light hypoxia, and 88.64% of moderate OSA patients had light hypoxia. The 
proportions of light, mild, moderate, and severe hypoxia among patients with severe OSA were 28.60%, 17.69%, 21.40%, and 32.31%, 
respectively. After adjustment for potential confounders, the risk of hypertension in patients with severe OSA increased according to 
the severity categories of T90. The odds ratio for T90 accounting for 10–25% relative to T90≤5% was 2.544 (95%confidence interval, 
1.254–5.164; P=0.010) and as high as 2.692 (95%confidence interval, 1.403–5.166; P=0.003) in patients with T90>25%.
Conclusion: OSA patients with similar degree of AHI may have different T90 values, especially in severe OSA. A higher T90 was 
independently associated with the risk of hypertension after adjustment for traditional risk factors in patients with severe OSA. Our 
findings highlight the potential role for T90 in predicting hypertension in patients severe OSA.
Keywords: apnea hypopnea index, hypertension, obstructive sleep apnea, T90

Introduction
Obstructive sleep apnea(OSA) is a breathing disorder characterized by the disappearance or significant attenuation of 
oronasal airflow during sleep. It has been estimated that 936 million adults aged 30–69 years have OSA, and nearly half 
of them suffer from moderate to severe OSA globally.1

The current diagnostic and severity grading criteria for OSA are based on the apnea hypopnea index (AHI),which 
represents the number of apnea and/or hypopnea events per hour during sleep, regardless of the duration and morphology 
of apnea and/or hypopnea episodes and related oxygen desaturation. However, substantial evidence has shown that the 
AHI does not fully reflect the clinical symptoms and prognosis of patients with OSA. Mediano et al reported that patients 
with similar AHIs could exhibit different daytime sleepiness, sleep latency, sleep efficiency, and nocturnal oxygenation.2 

Asano et al also found that although some patients share a similar mean AHI and 3% oxygen desaturation index, the 
degree of hypoxia and incidence of cardiovascular events were significantly different.3 A cluster analysis identified two 
phenotypes of severe OSA with different risks of nocturnal hypoxemia, daytime sleepiness, and comorbidity.4 Kulkas 
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et al reported that patients with similar AHIs showed highly different values of obstruction severity, and the mortality 
was significantly different during a median follow-up period of 183 months.5

The percentage of cumulative time with oxygen saturation below 90% in total sleep time (T90) is an objective 
parameter that can easily be obtained using polysomnography(PSG). T90 has received increasing attention in OSA 
research because it visually describes the duration and degree of hypoxia during the whole night sleep.Many scholars 
have proposed T90 as an important parameter for accurately and objectively assessing the severity of OSA and predicting 
future risks.6–12 Additionally, previous studies have demonstrated that T90 has a stronger association with the clinical 
symptoms and prognosis of OSA than the AHI.13,14 Hypertension is a common complication related with OSA.15 In the 
current study, we aimed to explore the distribution of T90 in OSA patients with similar severity, and to analyze the PSG 
characteristics and risk of hypertension.

Materials and Methods
Study Subjects
The study protocol was approved by the Ethical Committee of Tianjin Medical University General Hospital(No. 
IRB2021-WZ-072), and the procedures followed were in accordance with the principles of the 1964 Helsinki declaration 
and its later amendments or comparable ethical standards. The requirement for informed consent was waived because of 
the retrospective nature of the study, and the patients’ identities were maintained anonymously.

A total of 755 consecutive PSG recordings conducted at the Sleep Disorders Unit, Tianjin Medical University General 
Hospital during 2016–2019 were included in this study. Patients were excluded if they had central/mixed sleep apnea 
syndrome, previous treatment for OSA(continuous positive airway pressure, surgery, and/or oral device), severe chronic 
obstructive pulmonary disease, serious pulmonary fibrosis, terminal heart failure, total sleep time less than 4 hours, 
incomplete data, or age<18 years. The flow of participants in this study is shown in Figure 1.

Figure 1 Flow chart of the identification of the study population. Based on the exclusion criteria, 775 patients with OSA were included in the final analysis. 
Notes: Light hypoxia was defined as T90≤5%, mild hypoxia was defined as T90 accounting for 5%-10%, moderate hypoxia was defined as T90 accounting for 10%-25%, 
severe hypoxia was defined as T90>25%. 
Abbreviations:PSG, polysomnography; AHI, apnea hypopnea index; OSA, obstructive sleep apnea; T90, proportion of cumulative sleep time with oxygen saturation below 
90% in total sleep time.
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Covariates
Demographic and anthropometric data, including sex, age, height, weight, smoking habit, alcohol consumption, medical 
history, and family medical history, were obtained from the patients’medical records. The body mass index (BMI) was 
calculated as weight divided by the square of height.

Polysomnography
Daytime sleepiness was assessed based on the Epworth sleepiness scale (ESS) score.

Standard PSG (Alice 5 Diagnostic Sleep System; Philips Respironics, Bend, OR, USA) was performed at the sleep 
center of our hospital. Electroencephalograms, electromyograms, electrooculograms, electrocardiographs, oronasal air-
flow, thoracic and abdominal respiratory efforts, pulse oximetry with blood oxygen saturation, and body position 
parameters were recorded throughout the night. PSG data were automatically analyzed using the Alice 5 Diagnostic 
Sleep System and assessed by a professional polysomnographic technologist.

Definitions
Apnea was defined as the cessation of airflow for at least 10 seconds with continued effort (obstructive) or lack of effort 
(central) to breathe. Hypopnea was defined as a reduction in airflow accompanied by electroencephalogram arousal and/ 
or a≥3% decrease in oxygen desaturation from the pre-event baseline. The AHI was calculated as the mean hourly rate of 
apnea and hypopnea events during the estimated sleep time. An AHI <5 was considered as normal or simple snoring, 5 to 
15 as mild OSA, 15 to 30 as moderate OSA, and>30 as severe OSA.16 T90 was defined as the proportion of cumulative 
sleep time with oxygen saturation below 90% in total sleep time. T90≤5% of the total sleep time was classified as light 
hypoxia, T90 of 5–10% as mild hypoxia,10–25% as moderate hypoxia,>25% as severe hypoxia.9 Hypertension was 
defined as systolic blood pressure ≥140 mmHg, and/or diastolic blood pressure ≥90 mmHg, or self-reported history of 
hypertension, or use of antihypertensive drugs.17

Statistical Analysis
Descriptive data were presented as mean ± standard deviation (SD), median with interquartile range (IQR), or number 
(percentage), as appropriate. Continuous data were compared using One-way ANOVA or the Kruskal–Wallis test. 
Categorical variables were compared using the chi-square test. Data set correlations were investigated by calculating 
the Spearman correlation coefficient(r). Univariate and multivariate binary stepwise logistic regression analyses were 
performed to identify the independent risk factors for hypertension in patients with severe OSA. An analysis of the 
receiver operating characteristic (ROC) curve and area under the curve (AUC) was performed to evaluate indepen-
dent risk factors in the distinction between patients with and without hypertension. The best cut-off in terms of ROC 
analysis was identified using the Youden method. Binary logistic regression analysis was performed to assess the role 
of T90 in hypertension after adjusting for covariates. The results are shown as odds ratios (ORs) and 95% confidence 
intervals (CIs). A two-tailed P-value <0.05 was considered statistically significant. SPSS 25.0 (SPSS Inc., Chicago, 
IL, USA) was used to perform the statistical analysis, and GraphPad Prism 8.0 (GraphPad, San Diego, CA, USA) was 
used to construct the figures.

Results
Correlations Between T90 and the Other Collected Variables
The correlations between T90 and the collected variables were calculated (Table 1). The results showed that T90 was 
strongly and negatively correlated with the mean percutaneous oxygen saturation (meanSpO2, r=−0.852, P<0.001) and 
minimum percutaneous oxygen saturation (minSpO2, r=−0.902, P<0.001), and positively correlated with the oxygen 
desaturation index (ODI, r=0.807, P<0.001). A moderately positive correlation was found between T90 and the AHI 
(r=0.771, P<0.001), apnea index (AI, r=0.692, P <0.001), longest apnea time (LAT, r=0.631, P<0.001), and mean apnea 
time (MAT, r=0.533, P <0.001). However, we found that the association between T90 and the parameters related to 
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hypopnea was weak; the correlation coefficients of the hypopnea index (HI), longest hypopnea time (LHT), and mean 
hypopnea time (MHT) were 0.252, 0.139, and 0.090, respectively (all P <0.05).

Clinical and Polysomnographic Characteristics of the Study Population
There were 141 patients with mild OSA with a mean AHI of 10.10, 176 with moderate OSA with a mean AHI of 21.6, 
and 458 with severe OSA with a mean AHI of 59.25. The ESS, arousal index (ArI), ODI, AI, LAT, MAT, HI, LHT, MHT, 
T90, and prevalence of hypertension increased with OSA severity, while the meanSpO2 and minSpO2 decreased (all 
P <0.05, Table 2). Additionally, most patients with mild OSA had light hypoxia, accounting for 94.33%, whereas this 
proportion accounted for 88.64% among those with moderate OSA. The proportions of light, mild, moderate hypoxia, 
and severe hypoxia among patients with severe OSA were 28.60%, 17.69%, 21.40%, and 32.31%, respectively (Table 3, 
Figure 1). Similarly, a large variation in T90 values was observed, especially within the severe OSA group (Figure 2).

Clinical and Polysomnographic Characteristic of Severe OSA Patients with Different 
T90 Values
We divided the patients with severe OSA into light, mild, moderate and severe hypoxia groups based on the T90 value.9 

The BMI, ESS, AHI, ArI, ODI, AI, LAT, and MAT showed an upward trend, whereas age, HI, meanSpO2, and minSpO2 

showed a downward trend with an increase in the T90 value (all P<0.001). However, there were no significant differences 
in the sex ratio, smoking habit, alcohol consumption, LHT, and MHT between the groups (Table 3).

Risk Factors for Hypertension in Patients with Severe OSA
Simple regression analysis indicated that age, BMI, family history of hypertension, ESS, meanSpO2, minSpO2, and 
T90 were associated with hypertension (all P<0.05). After adjustment for confounders (age, BMI, family history of 
hypertension, ESS, meanSpO2 and minSpO2) in multiple analysis, T90 remained a risk factor (OR=1.023, 95% CI: 

Table 1 Spearman Correlation Between T90 
and Collected Variables in All Participants

Variables Coefficient (r) P

Age, years −0.016 0.659

BMI, Kg/m2 0.390 <0.001

ESS, score 0.306 <0.001
AHI, /hr 0.771 <0.001

ArI, /hr 0.477 <0.001

ODI, /hr 0.807 <0.001
AI, /hr 0.692 <0.001

LAT, s 0.631 <0.001
MAT, s 0.533 <0.001

HI, /hr 0.252 <0.001

LHT, s 0.139 <0.001
MHT, s 0.090 0.012

MeanSpO2, % −0.852 <0.001

MinSpO2, % −0.902 <0.001

Abbreviations: T90, proportion of cumulative sleep time 
withoxygen saturation below 90% in total sleep time; BMI, 
body mass index; ESS, Epworth Sleepniess Scale; AHI, 
apnea hypopnea index; ArI, arousal index; ODI, oxygen 
desaturation index; AI, apnea index; LAT, longest apnea 
time; MAT, mean apnea time; HI, hypopnea index; LHT, 
longest hypopnea time; MHT, mean hypopnea time; 
meanSpO2, mean percutaneous oxygen saturation; 
minSpO2, minimum percutaneous oxygen saturation.
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1.008–1.039, P=0.003) for hypertension independently of age (OR=1.051, 95% CI: 1.029–1.073, P<0.001), BMI 
(OR=1.080, 95% CI: 1.019–1.144, P<0.001), and family history of hypertension (OR=2.854, 95% CI: 1.755–4.640, 
P<0.001) (Table 4). Furthermore, T90 combined with age, BMI, and family history of hypertension exhibited 
a higher AUC value (0.742, 95% CI: 0.687–0.797, P<0.0001) in relation to hypertension than the combination of 
age, BMI, family history of hypertension, and AHI (Figure 3). The optimal cutoff value allowing for the best trade- 
off between sensitivity and specificity was 10.85% for T90, and the sensitivity and specificity were 56.40% and 
67.70%, respectively.

Association of T90 with the Risk of Hypertension in Patients with Severe OSA
Figure 4 summarizes the results of binary logistic regression models estimating the risk of prevalent hypertension in 
patients with severe OSA based on T90 categories after adjustment for potential confounders including age, BMI, and 
family history of hypertension. When selecting T90≥10.85% as a surrogate biomarker of hypertension in patients with 
severe OSA, a higher T90 category was significantly associated with a higher risk of prevalent hypertension (OR=2.951 
for T90≥10.58% vs T90<10.58%; 95% CI 1.764–4.935; P<0.001)(Figure 4A). Similarly, compared with the light 
hypoxia group, the mild to severe hypoxia groups showed an increasing risk of hypertension (mild hypoxia: 
OR=1.245, 95% CI0.590–2.223; moderate hypoxia: OR=2.544, 95% CI 1.254–5.164; severe hypoxia: OR=2.692, 95% 
CI 1.403–5.166; P=0.005) (Figure 4B).

Table 2 Clinical and Polysomnographic Characteristic of the Study Population

Variables Mild OSA (n=141) Moderate OSA (n=176) Severe OSA (n=458) P

Age, year 43.00(34.00,58.00) 52.00(38.00,61.00)a 47.00(37.00,57.00)a 0.003
Sex, men (%) 102(72.34%) 130(73.86%)a 366(79.91%)ab <0.001

BMI, Kg/m2 28.03±4.85 27.84±4.33 a 30.83±5.07 ab <0.001

Smoking, n(%) 79(56.03%) 101(57.39%) 250(54.59%) 0.809
Drinking, n(%) 73(51.77%) 98(55.68%) 253(55.24%) 0.737

Hypertension,n(%) 60(42.55%) 85(48.30%) a 362(79.04%) ab <0.001

ESS, score 5.00(2.00,10.00) 8.00(4.00,13.00) a 11.00(6.00,17.00) ab <0.001
AHI, /hr 10.10(7.75,12.30) 21.65(17.93,25.98) a 59.25(45.98,73.53) ab <0.001

ArI, /hr 9.00(5.75,15.45) 14.45(8.55,22.08) a 29.10(17.88,43.88) ab <0.001
ODI, /hr 8.60(6.15,11.75) 17.35(13.73,22.37) a 57.25(41.63,73.40) ab <0.001

AI, /hr 1.20(0.30,3.40) 4.20(1.73,7.85) a 27.80(12.20,50.93) ab <0.001

LAT, s 22.00(14.00,32.50) 32.75(22.50,45.00) a 54.75(40.50,70.50) ab <0.001
MAT, s 15.10(12.10,18.75) 18.15(15.00,21.48) a 23.20(19.48,28.30) ab <0.001

HI, /hr 7.90(5.55,10.30) 16.90(13.25,20.48) a 27.40(13.68,39.05) ab <0.001

LHT, s 48.50(36.00,55.50) 54.00(44.00,65.13) a 57.50(48.50,65.63) ab <0.001
MHT, s 22.10(19.20,26.55) 23.00(19.03,28.90) 24.25(20.80,28.83) a <0.001

MeanSpO2, % 96.00(95.00,96.00) 95.00(94.00,96.00) 93.00(91.00,95.00) ab <0.001

MinSpO2, % 87.00(84.00,89.00) 84.00(79.00,87.00) a 72.00(61.00,78.00) ab <0.001
T90,% 0.10(0.00,0.90) 0.70(0.13,2.38) a 11.80(4.18,32.65) ab <0.001

Light Hypoxia, n(%) 133(94.33%) 156(88.64%) 131(28.60%) <0.001

Mild Hypoxia, n(%) 2(1.42%) 12(6.82%) 81(17.69)
Moderate Hypoxia, n(%) 5(3.55%) 5(2.84%) 98(21.40%)

Severe Hypoxia, n(%) 1(0.71%) 3(1.70%) 148(32.31%)

Notes: Light hypoxia was defined as T90≤5%, mild hypoxia was defined as T90 accounting for 5%-10%, moderate hypoxia was defined as 
T90 accounting for 10%-25%, severe hypoxia was defined as T90>25%. aIndicates P<0.05 compared with mild OSA group; bIndicates 
P<0.05 compared with moderate OSA group. 
Abbreviations: BMI, body mass index; ESS, Epworth Sleepniess Scale; AHI, apnea hypopnea index; ArI, arousal index; ODI, oxygen 
desaturation index; AI, apnea index; LAT, longest apnea time; MAT, mean apnea time; HI, hypopnea index; LHT, longest hypopnea time; MHT, 
mean hypopnea time; meanSpO2, mean percutaneous oxygen saturation; minSpO2, minimum percutaneous oxygen saturation;T90, proportion 
of cumulative sleep time with oxygen saturationbelow 90% in total sleep time.
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Prevalence of Hypertension by Classification of T90 in Patients with Severe OSA
The prevalence of hypertension according to the T90 category is shown in Figure 5. The percentage of hypertension 
significantly increased in accordance with increasing categories of T90 (70.85% in T90<10.85%, and 86.81% in 

Table 3 Clinical Characteristic of Severe OSA Patients with Different T90 Values

Variables Light Hypoxia (n=131) Mild hypoxia (n=81) Moderate hypoxia (n=98) Severe hypoxia (n=148) P

Age, year 51.00(40.00,59.00) 48.00(48.00,58.50) 47.00(37.00,62.00) 42.00(35.00,53.00) a 0.004
Sex, men (%) 99(75.57%) 62(76.54%) 78(79.59%) 127(85.81%) 0.150

BMI, Kg/m2 29.67±5.02 30.21±3.91 30.31±5.33 32.52±5.10 abc <0.001

Smoking, n(%) 70(53.44%) 42(51.85%) 51(52.04%) 87(58.78%) 0.654
Drinking, n(%) 66(50.38%) 40(49.38%) 56(57.14%) 91(61.49%) 0.183

Hypertension,n(%) 92(70.23%) 60(74.07%) 83(84.69%) ab 127(85.81%)ab 0.004

ESS, score 8.00(3.00,15.00) 11.00(6.00,17.00) 10.00(5.00,14.00) 16.00(9.00,19.00)abc <0.001
AHI, /hr 42.70(35.30,56.30) 52.90(45.70,66.95)a 60.85(50.90,69.70)a 74.10(63.83,83.63)abc <0.001

ArI, /hr 24.20(10.30,33.60) 27.90(18.25,40.15) 32.60(19.85,46.63)a 36.30(23.23,51.20)ab <0.001
ODI, /hr 37.50(28.40,49.20) 50.90(41.35,62.55)a 59.40(49.65,68.88)ab 76.65(64.90,87.48)abc <0.001

AI, /hr 12.50(4.30,25.40) 20.50(11.45,35.30) 30.20(12.28,50.93) a 50.75(32.85,64.70)abc <0.001

LAT, s 42.50(30.00,56.50) 51.50(42.25,61.50)a 56.75(41.75,72.25)a 67.00(54.00,83.25)abc <0.001
MAT, s 19.80(16.90,24.60) 22.30(20.00,26.90)a 23.30(19.95,28.33) a 27.15(22.33,31.00)abc <0.001

HI, /hr 28.70(20.70,37.70) 29.40(19.60,40.35) 25.90(13.75,40.90) 18.95(8.23,39.13) ab 0.006

LHT, s 57.00(49.00,64.00) 57.50(49.75,65.50) 57.00(47.00,66.00) 58.00(48.00,68.38) 0.909
MHT, s 23.90(20.40,27.50) 23.80(20.10,27.80) 23.50(20.65,28.83) 25.75(21.93,30.78) 0.051

MeanSpO2, % 95.00(95.00,96.00) 94.00(94.00,95.00)a 93.00(92.00,94.00) a 90.00(87.00,91.00)abc <0.001

MinSpO2, % 81.00(78.00,85.00) 74.00(70.00,78.00)a 70.00(63.00,75.00)ab 57.00(47.00,64.00)abc <0.001

Notes: Light hypoxia was defined as T90≤5%, mild hypoxia was defined as T90 accounting for 5%-10%, moderate hypoxia was defined as T90 accounting for 10%-25%, 
severe hypoxia was defined as T90>25%. aIndicates P<0.01 compared with light hypoxia group; bIndicates P<0.01 compared with mild hypoxia group; cIndicates P<0.01 
compared with moderate group. 
Abbreviations: T90, proportion of cumulative sleep time with oxygen saturation below 90% in total sleep time; BMI, body mass index; ESS, Epworth Sleepiness Scale; AHI, 
apnea hypopnea index; ArI, arousal index; ODI, oxygen desaturation index; AI, apnea index; LAT, longest apnea time; MAT, mean apnea time; HI, hypopnea index; LHT, 
longest hypopnea time; MHT, mean hypopnea time; meanSpO2, mean percutaneous oxygen saturation; minSpO2, minimum percutaneous oxygen saturation.

Figure 2 Distributions of T90 within different AHI severity categories. 
Abbreviations: T90, proportion of cumulative sleep time with oxygen saturation below 90% in total sleep time; AHI, apnea hypopnea index.
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T90≥10.85%, P<0.001) (Figure 5A). The prevalence of hypertension showed an increasing trend across the light hypoxia 
group to the severe hypoxia group, and prevalence was 70.23% under light hypoxia, 74.07% under mild hypoxia, 84.69% 
under moderate hypoxia, and 85.81% under severe hypoxia (P=0.005) (Figure 5B).

Table 4 Univariate and Multivariate Logistic Regression Analysis for Hypertension in Patients with Severe OSA

Variables Univariate Analysis Multivariate Analysis

OR 95% CI P OR 95% CI P

Age, year 1.035 (1.015,1.055) 0.001 1.051 (1.029,1.073) <0.001

Sex, men (%) 1.214 (0.678,2.174) 0.513
BMI, Kg/m2 1.080 (1.025,1.137) 0.004 1.080 (1.019,1.144) 0.009

Smoking, n(%) 0.918 (0.584,1.445) 0.713

Drinking, n(%) 1.175 (0.748,1.844) 0.484
Family history of hypertension, n(%) 2.707 (1.710,4.288) <0.001 2.854 (1.755,4.640) <0.001

ESS, score 1.036 (1.002,1.071) 0.039

AHI, /hr 1.013 (1.000,1.026) 0.053
ArI, /hr 1.000 (0.988,1.013) 0.987

ODI, /hr 1.010 (0.999,1.020) 0.071

AI, /hr 1.002 (0.993,1.012) 0.639
LAT, s 1.006 (0.996,1.016) 0.257

MAT, s 1.008 (0.974,1.042) 0.660

HI, /hr 1.010 (0.996,1.024) 0.157
LHT, s 0.999 (0.988,1.010) 0.865

MHT, s 0.996 (0.963,1.031) 0.833

MeanSpO2, % 0.866 (0.794,0.944) 0.001
MinSpO2, % 0.970 (0.952,0.989) 0.002

T90,% 1.023 (1.009,1.037) 0.002 1.023 (1.008,1.039) 0.003

Abbreviations: BMI, body mass index; ESS, Epworth Sleepiness Scale; AHI, apnea hypopnea index; ArI, arousal index; ODI, oxygen 
desaturation index; AI, apnea index; LAT, longest apnea time; MAT, mean apnea time; HI, hypopnea index; LHT, longest hypopnea time; MHT, 
mean hypopnea time; meanSpO2, mean percutaneous oxygen saturation; minSpO2, minimum percutaneous oxygen saturation; T90, proportion 
of cumulative sleep time with oxygen saturation below 90% in total sleep time.

Figure 3 Receiver operating characteristic (ROC) curve analysis of T90, family history of hypertension, BMI and age to recognize hypertension in patients with severe OSA. 
Abbreviations: T90, proportion of cumulative sleep time with oxygen saturation below 90% in total sleep time; BMI, body mass index; OSA, obstructive sleep apnea.
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Discussion
OSA is associated with an elevated risk of hypertension, with intermittent hypoxia being the main mechanism.15,18 

In this study, we found a significant difference in the severity of hypoxia in OSA patients with similar severity 
AHIs, especially in patients with severe OSA. Moreover, T90 was significantly and positively associated with 
hypertension in patients with severe OSA, after adjusting for potential confounding factors. In addition, T90 had 
a better correlation with apnea parameters than with hypopnea parameters.

To date, overnight PSG is considered the “gold standard” for diagnosing OSA. And the severity of OSA is stratified by the 
AHI. However, as aforementioned, the AHI only represents the frequency of apnea and hypopnea per hour and cannot reflect the 
actual duration and severity of nocturnal hypoxia.T90 is superior to the AHI in reflecting nocturnal hypoxia.12 We found that 
although there was a strong correlation between the AHI and T90, great variation in T90 values was observed, especially within 
the severe OSA group, which was corroborated by Bostanci andTurhan.19

In our hospital-based cross-sectional study, the results showed that T90 was associated with the prevalence of hypertension in 
patients with severe OSA,which increased with the severity of T90. Similarly, in a large community-based study, Nieto et al 

Figure 4 Odds ratios and 95% confidence intervals (CI) for T90 severity categories and prevalent hypertension. Binary logistic regression models were fitted to examine the 
association between T90 categories and prevalent hypertension in patients with severe OSA. (A) T90 categories were associated with increased risk of hypertension in 
severe OSA patients. (B) The risk of hypertension increased across light hypoxia group to severe hypoxia group in severe OSA patients. 
Notes: Adjusted for age, BMI, and family history of hypertension. Light hypoxia was defined as T90≤5%, mild hypoxia was defined as T90 accounting for 5–10%, moderate 
hypoxia was defined as T90 accounting for 10–25%, severe hypoxia was defined as T90>25%. 
Abbreviation: T90, proportion of cumulative sleep time with oxygen saturation below 90% in total sleep time.

Figure 5 Prevalence of hypertension by categories of T90 in patients with severe OSA. (A) Higher T90 categories were associated with increased prevalence of 
hypertension in severe OSA patients.(B) The prevalence of hypertension increased across light hypoxia group to severe hypoxia group in severe OSA patients. 
Notes: Light hypoxia was defined as T90≤5%, mild hypoxia was defined as T90 accounting for 5–10%, moderate hypoxia was defined as T90 accounting for 10–25%, severe 
hypoxia was defined as T90>25%. 
Abbreviation: T90, proportion of cumulative sleep time with oxygen saturation below 90% in total sleep time.
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reported that the adjusted OR for hypertension, when comparing T90≥12% with that<0.05%, was 1.46 (95% CI, 1.12–1.88; 
P<0.001).20 Labarca et al also reported that T90>20% was associated with an increased risk of hypertension among patients with 
both moderate and severe OSA (OR=2.95, 95% CI 1.87–4.76, P< 0.001).21 An analysis of data from by Xu et al’s study 
demonstrated that nocturnal and awake blood pressure levels were associated more with T90 than with the AHI.14 High- 
sensitivity C-reactive protein (hsCRP), a biomarker of low-grade systemic inflammation, is strongly associated with cardiovas-
cular disease.22 Zhang et al divided men patients with severe OSA matched by the BMI and AHI into two groups according to the 
hsCRP level, and found that T90 in the high hsCRP group (hsCRP level ≥3.0 mg/L) was significantly higher than that in the low 
hsCRP group. T90 was the strongest predictor contributing to 27.7% of hsCRP variability.12 Consistent with this, Yilmaz Avci 
et al demonstrated that there were significant differences in inflammation levels in OSA patients with similar AHIs, and the 
hsCRP level and mean platelet volume were significantly higher in the T90≥10% group than in the T90<10% group.23 These 
results suggest that the adverse cardiovascular effects of OSA are primarily dependent on the severity of intermittent hypoxia.

Additionally, we demonstrated that T90 had a stronger association with apnea parameters than with hypopnea 
parameters. Moderate positive correlations were found between T90 and AI, and MAT. However, the relationship 
between T90 and hypopnea parameters was weak, the correlation coefficients between T90 and HI, LHT, and MHT 
were 0.252, 0.139 and 0.090, respectively. Our results were consistent with those of a previous study. Li and Jin noted 
that T90 was strongly correlated with the total apnea duration (r=0.776, P<0.01).10

This study has several limitations. Firstly, it was a retrospective analysis, with inherent problems of selection bias. Secondly, 
other potential confounding factors, such as dietary habits, labor intensity, economic status, and psychological conditions, were 
not included in our analysis because the data were extracted from the medical system, which might have limited the multivariate 
analyses. Finally, this was a single-center study based on patients with OSA in China; therefore, it was restricted and could not be 
expanded to other groups. In particular, the BMI of people in the western countries is likely much higher than that of people in 
China, and the AHI in those countries may be adequate in determining risk.

Conclusions
In conclusion, OSA patients with similar severity of AHIs may have different T90 values, and thereby nocturnal hypoxia, 
especially in severe OSA. T90 was significantly and positively associated with hypertension in patients with severe OSA, 
suggesting a potential role for T90 in predicting hypertension in patients with severe OSA.
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